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Abstract. Almaty and its environs are located in the foothill zone of the Zailiysky
Alatau, where, given the lack of sites with good soils, many buildings and structures
have to be built on weak soils, weak clay or subsidence bases. Another problem is
construction in seismically active areas, which imposes certain restrictions on the
design of foundations and the construction of structures. In such cases, specialized
engineering measures are required, whether it is soil replacement, pile foundations or
artificial foundations. In construction, there is a wide range of methods for fixing
soils: strengthening with piles, vertical reinforcing elements, chemical fixing with so-
lutions that allow you to carry out activities. This article describes the methods and
sequence of work when using a two-component polyurethane material GEOPUR. In
laboratory and field conditions to increase the bearing capacity of soils. The result of
the application of this technology is a triple effect: increased moisture resistance and
sealing; stopping or reducing water inflow to underground structures; stabilizing soil
cementation - increasing the stability of the foundations of buildings and under-
ground structures; there is a structuring and strengthening of soil, rocks and struc-
tures. Due to the introduction of the Geopur® material, soil structuring occurs, and it
passes from the class of dispersed to the class of semi-rocky soils, the strength of
which is characterized by the uniaxial compressive strength R. Studies have shown
that the value of R in depth varies from 1.94MPa at a depth of 0.9m up to 4.57 MPa
at a depth of 4.20 m. In accordance with state standard 25100-2011, such material
belongs to a variety of soils with low or reduced strength.
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GEOPUR EKIKOMITIOHEHTTIK IHOJINYPETAH/IbI
MATEPHUAJIAbBI KOJTIAHA OTBIPBIIL, 2)KEP MACCUBTEPIH
KATAUTY TEXHOJIOI'UACDHI

C. K. JxxymaauioBa 10) , B.A. XoMaK0B I0) , MLA. Kyanbimoai* ®

XanbIkapanblk 011iM 6epy kopropanusicel, Anmatel, 050043, Kazakcran

AngarTna. Aimamel dicone oHulY atinanacel Ine Anamayvinvly may 6exmepinoe
OPHANACKAH, OHOA HCAKCbI MONbIPAKMAapsl 6ap yuackenepoiy manublibleblH ecKepe
OmblpbIN, KONMe2eH UMApammap MeH KYpuliblcmapobl dCi3 MOnbIpakmapod, aJici3
casovl Hemece WociHOI He2izoepoe dcy3eze acvlpy mypa keneoi. Tazel Oip macene —
ipcemacmapobl Hcobanay mMeH KYpuliblcmapovl cany Ke3inoe Oencini Oip uiekmeynep
KOSIMbIH CeUCMUKANBIK OeliceHdi ayoanoapoa Kypwiavic cany. Mynoaii scazoaiinapoa
MONBIPAKMbL AYbICMBIPY, KAOALAPOLIH ip2emacmapbii cany Hemece HcACaHobl He2i3
acacay Cuskmol MAMAHOAHOBIPLLIZAH UHICEHEPAIK wapanap Kaxcem. Kypwvlivicma
monvipakmel 6eximyoiy kenmezen 20icmepi 6ap: Kadaiapmen, mix apmamypansiy
NeMEHMMeEPMEr Hbl2aUmy, IC-uapanapobvl Jicy3eze acvlpyea MYMKIHOIK Oepemin
epiminoinepmen Xumusnvl oeximy. byn maxanada geopur exikomnonewmmi nouu-
ypemanobl Mamepuaiovl NAUOANIAHY Ke3IHOe HCYMbICMblY d0icmepi MeH pemminici
KelMmipijieeH. 3epMXAHANbIK JHCIHE OANANbIK HCAR0aunapoa monwvipaKkmsly Kemep-
eiwmizin apmmulpy. Byn mexunonoeusanvl Koa10amyovly Hamudiceci yul ece acep emeoi:
bLIRANRA MO3IMOLIIKMI apmmulpy JHCIHe mblebl30ay,; Heep acmbl KYPbLIbIMOAPbIHA CY
A2bIHLIH MOKmMamy HeMmece a3aumy, MONbIPAKMbl MYPAaKmaHowvlpy yemenmmey —
auMapammap MeH JHcepacmsl KYpblIbIMOAPLIHLIY, He2i30epiHily  MYpaKmblibleblH
apmmulpy; MONBLIPAKMbL, IHCHIHICMAD MEH KYPbLIbIMOAPObl KYPbLILIMOAY MHCIHE
Hbleaumy.

Tyiiin ce3aep: monvipakmul 6eKimy, UHbEKYUATLIK 20iC, MONLIPAK, eKIKOMNO-
HeHmmIK wiatblpaap.
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TEXHOJIOI'UA YITPOUHEHUA 'PYHTOBBIX MACCHUBOB

C UCITOJIB3OBAHHUEM JIBYXKOMIIOHEHTHOI'O
HOJIMYPETAHOBOI'O MATEPUAJIA GEOPUR

C. K. JxxymaauioBa ® , B.A. XoMsikoB ® , MLA. Kyanbrmbaii™ ®

Mexnynapoanas oOpa3zoBarenbHas kopriopamus, Aimarel, 050043, Kazaxcran

AHHTOTAUMSA. AMamol U €20 OKPeCmHOCMU PACNONA2AIOMCsL 8 NPeO2OPHOU 30He
3aunuiickoco Anamay, 20e c¢ yyemom Oeduyuma yuacmrkos ¢ XOPOWUMU SPYHMAMU
MHO2UE 30aHUSL U COOPYICEHUS. NPUXOOUMCS Peanu308bl6amsb HA CIAObIX SPYHMAX, Cld-
ObIX 2IUHUCMBIX UNU NPOCAOOUHBIX OCHOBaHUAX. Ewe oOHou npobremoti sensemcs
CMpOUMeNnbCmeo 6 CeuCMOAKMUBHBIX PAUOHAX, 4MO HAKLAO0bleaem OnpeoesieHHble
02paHUYEHUs. NPU NPOEKMUPOBAHUU PYHOAMEHMO8 U CIMPOUMENbCMEE COOPYICeHUU. B
MAaKux Cayuasx mpebyemcst NposeoeHue Cneyuaiu3upOBarHHblX UHICEHEPHbIX MEPONPU-
Aamuti, 6y0b mo 3amMeHa epyHma, YCmpoucmeo c8aunvlx yHOAMEHMO8 Ul 8bINOIHEHUE
UCKYCCMBEHHO20 OCHO8AHUA. B cmpoumenvcmee cywecmeyem wiupoxkutl cnekmp Memo-
008 3aKpenyienus 2pyHmos8. YNpOUHeHUe C8AAMU, 8EPIMUKANbHBIMU APMUPYIOWUMU DJle-
MeHmamu, Xumuyeckoe 3axKpenjienue pacmeopamu, Komopwvie NOo360JAI0M OCYUecme-
My Meponpusmus. B oannou cmamve npugooamcs Memoouku u nocieooeamens-
HOCMb GbINOJIHEHUs pabom npu UCNOIb308AHUU O8YXKOMHOHEHMHO20 NONUYPEMAHO8020
mamepuara GEOPUR. 6 n1abopamopHbiX u nonesuix yCio8usx no NOGbIUEHUIO Hecyujeli
cnocobnocmu 2pynmos. Pesynomamom npumenenus OAHHOU MEXHON02UU ABTIAEmCs
mpounol d¢hghexm: nosviuienue 61a20CMOUKOCMU U 2epMeMU3ayus,; OCMAaHO8KA UlU
YMeHbuleHUe 8000NPUMOKA 8 NOO3EMHbIe COOPYICEHUSA, CIMAOUTUIUPYIOWAs YeMeHma-
Yusi SpYHmMa — noGvllue e YCmMouuu80Cmy 0OCHO8AHUL 30AHUL U NOO3EMHBIX COOPYHCe-
HULL; RPOUCX00UmM CIMPYKMYPUPOBAHUE U YKPEnaeHue cpYHmad, nopoobl U KOHCMPYKYUIL.

KiroueBble cioBa: 3axpennenue 2pyHma, UHLEKYUOHHBIN Memoo, 2pYHm, O08YX-
KOMNOHEHMHbLE CMOJIbL.
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1 INTRODUCTION

According to the survey, the territory is located on a gently sloping plain, an elongated strip
along the northern slope of the Zailiysky Alatau ridge. The accumulative type of relief is wide-
spread within the entire metro line. In geomorphological terms, the section from the Moskva station
to the Kalkaman station is located within the piedmont plume formed as a result of the confluence
of the alluvial fans of the Bolshaya Almatinka and Kargalinka mountain rivers. The surface is flat,
with a slope from the mountains to the plain. The surface is complicated by the river valleys of the
Kargalinka and B. Almatinka rivers. The valley of the Kargalinka River is poorly expressed. Flood-
plain areas are poorly traced. The left bank of the river is steep, the right bank is gentle. The depth
of the river incision is 1.50-3.0 m. The sides are composed of loam, the bottom of the river is peb-
bly. The valley of the B. Almatinka river with a cutting depth of -5-6m. The sides are steep, from
the surface to a depth of 2.60 m they are composed of loams, deeper - boulder and pebble soils with
sandy loamy, loamy and sandy aggregates. The banks of the river are lined with reinforced concrete
slabs (Toma &Al-Hadidi, 2022).

2 CLASSIFICATION OF GEOPUR MATERIAL

GEOPUR® TECHNOLOGIES products are based on high-pressure grouting technique us-
ing GEOPUR two-component polyurethane material manufactured by company GME Consult. The
use of GEOPUR technology allows filling voids and cracks in the rock by injection of polyurethane
resin, as well as reducing the porosity of macroporous soils by filling pores with cementing material
to increase the strength of the anchor fastening in the construction of retaining walls and the opera-
tion of anchors in the stabilization of landslides and to increase the efficiency of the base in the con-
struction of micropiled foundations for buildings, structures and machines

GEOPUR is a cementing material. Application possibilities of GEOPUR material tend to be
applied in various fields: underground structures, tunneling; geological and technical works; civil
engineering.

The materials of the GEOPUR® injection system include polyurethane resins that differ in
the level of foaming, which increases in sequence from types 082/1000, 082/600, 082/360, 082/290,
082/180, 082/90, 230, 240. Not includes fluorinated and chlorinated hydrocarbons and halogens.
Composition of GEOPUR®:component A honey-colored liquid (all types); it is a composition of
polyepepoliol, catalyst, admixture, flame retardant, foam strengthening and water. Component B
dark yellow-brown liquid (all types); a mixture of polycyclic oligomers emanating from its perfor-
mance. Always after mixing the two main components in the calculated ratio, an exothermic pro-
cess of polyurethane resins occurs. The level of foaming of the reaction product determines the me-
chanical properties. In all systems, it is possible to move the start of the curing and foaming reaction
by 360 seconds. Material is typically delivered with foaming onset in two minutes (Weng et al.,
2019).

Table 1
Laboratory research program (author’s material)
Component Defined parameters
Soil Thestateof  composition Physical Mechanical
type the fixed : Compressive  Modulus of ~ Note
type of soil A B Det?r;';[y’ Note strength,  deformation
MPa MPa
loam solid 1 1,1 + + +
soft plastic 1 1,1 + + +
fluid 1 11 + + +

* the number of tested samples is not less than 6 pieces
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3 METHODOLOGY FOR CONDUCTING LABORATORY RESEARCH

For laboratory studies, samples of loam of different soil conditions were prepared according
to the test program. To prepare the samples, a cylinder made of a high-strength plastic pipe with
dimensions from 35 cm to 50 cm in height and a diameter of 20 cm to 40 cm was used. The end
walls of the pipes were monolithic with reinforced mortar grade M100. A hole was drilled in the
pipe wall and the R8 “packer” device was installed to inject the mixture component according to the
test program. View the figure 1-2.

Figure 1 — Sample preparation for laboratory testing (author’s material)

For injection, an injection pump of the applicable types is installed, including injection ac-
cessories. The device allows you to dose individual components in a ratio of 1:1, in the case of the
Geour brand 082/90 system, which was pumped into the sample under pressure by means of a pump
until complete failure (Pu et al., 2021). A failure was taken to be the state when the mixture bled
out through the gaps in the end faces of the cover, or back through the packer. After the injection,
the samples were kept for 24 hours, for the formation of foam and fixing with the soil. The next step
was to remove the samples from the cylinders and separate the fixed mass from the non-fixed mass.
To determine the volume of fixed soil, special measurements were carried out, the calculation of
mass and volume. Next, rectangular or round specimens up to 10 cm high were cut out of the hard-
ened mass, which were tested on by hydraulic test press MATEST with a capacity of 2000 kN ac-
cording to the loading scheme with a statically increasing load (Awwad & Nurakov, 2020).

Figure 2 — An example of fixing loam with a two-component resin
in the laboratory (author’s material)
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4 FIELD TEST METHODOLOGY

Field studies were carried out on the territory of the construction site "Metrostroyproekt".
Soil injection during the construction of underground structures is used to overcome areas of inco-
herent water-saturated and disturbed rocky soils, eliminate water inflows into underground work-
ings and structures, install pit fencing, protective screens (curtains), strengthen the bases and foun-
dations of buildings and other structures located in the zone of influence of construction. For field
research, using a Permon VKS 80 pneumatic drill with a reverse, 2 screw anchors with a diameter
of 32 mm were drilled into the ground to a depth of 3.5 meters at a distance of 2 from the axis. At
each end of the anchor before drilling, diamond core bits with a diameter of 38 mm were installed
(Lukpanov et al., 2019). After reaching a depth of 3.5 meters, mounting foam was poured around
the anchor for sealing and metal plates were installed.A coupling with a mixer and a gun for inject-
ing a two-component resin are installed on the upper end of the anchor. The two component resin is
injected using a portable Graco Reactor E-10hp system. The Reactor E-10hp is a 1:1.1 mixing ratio
electrically powered portable dispenser. Two-component resin after mixing is injected with a spe-
cial gun (Tao et al., 2023). Fluid is supplied to the Reactor E-10hp by gravity and comes from the
22.7 L (6 gal) supply tanks installed on the unit.3 anchors were injected in the field. Anchors 1 and
2 were installed in loam to a depth of 4.2m. Anchor 3 is installed in gravel soil to a depth of 3.5 m.
Obviously, the application of one or another method of soil stabilization will depend on the porosity
of the base, or on its filtration coefficient (Zhussupbekov et al., 2018).

T T
~ "ﬁf‘ }\

Figure 3 — An example of fixing loam in the field (Ankers 1 and 2)
(author’s material)

Data on the consumption of two-component resin for each anchor:

Anchor No. 1 - the amount of injected two-component resin is 62 kg. Pumping time is 38
min. The volume of hardened soil is 0.98 m3, the consumption percentage is 63.27 kg/m3. (Date of
injection 02.09.2021, date of removal of the anchor 05.09.2021)

Anchor No. 2 - the amount of injected two-component resin is 65 kg. Pumping time is 38
min. The volume of hardened soil is 0.82 m3, the consumption percentage is 79.27 kg/m3. (Date of
injection 02.09.2021, date of removal of the anchor 05.09.2021)

Anchor No. 3 - the amount of injected two-component resin is 82 kg. Pumping time 40 min.
The volume of hardened soil (a mixture of loam and gravel soil) is 0.703 m3. The consumption per-
centage for gravel soil was 116.65 kg/m3. (injection date 12.24.2021, anchor removal date
01.17.2022). View the Figures 3-5 and Tables 3-4.

The more often the piles are made, the greater the degree of compaction the base soil re-
ceives (Liu et al., 2019).
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Table 3
Density determination from field tests (author’s material)
Group No Sample Sampling Height, Width, Length, Weight, Denslty, ﬁ\\e/r?g?tg/e
No. No. depth, m cm cm cm kg (kg/m®)  Kg/m?
1 I1-C-1,1 0,9 11 7 8,4 0,836 129251
2 I1-C-1,2 0,9 10,7 7,6 8,8 0,908 1268,83
1 3 I1-C-1,3 0,9 9 7,5 8,2 0,732 1322,49 1287,97
4 I1-C-1,5 0,9 9,6 8,3 9,3 1,104 1489,83
5 I1-C-1,6 0,9 10,6 10,3 7,7 1,064 1265,63
6 I1-C-1,7 0,9 13,5 10 10,1 1,728 1267,32
1 I1-c-2,1 1,85 12,8 8,5 91 1,48 1494,82
2 I1-C-2,2 1,85 12 7,5 7,3 0,96 1461,18
5 3 I1-C-2,4 1,85 9 7,2 8,3 0,684 1271,75
4 I1-C-2,5 1,85 13,5 6,5 9,3 1,006 1232,72 1356,50
5 I1-C-2,6 1,85 10,7 55 9,3 0,636 1162,05
6 I1-C-2,8 1,85 7,3 6,8 7,2 0,542 1516,47
1 I1-C-3,1 2,1 10,7 7,7 9,3 1,042 1359,91
2 I1-C-3,2 2,1 11,7 8,4 9,3 1,408 1540,47
3 I1-C-3,4 2,1 11,4 5,8 11,5 1,214 1596,57 1487,52
3 4 I1-C-3,5 2,1 10 6,6 9,8 0,928 1434,75
5 I1-C-4,1 2,3 10,6 5,4 8,2 0,722 1538,23
6 I1-C-4,2 2,3 9,9 8,8 8,3 0,998 1380,17
7 I1-C-4,3 2,3 10,9 6,1 7,7 0,8 1562,58
1 I1-C-5,1 3 12,2 5 6,1 0,564 1515,72
2 I1-C-5,3 3 12,1 5,9 6,3 0,554 1231,77
4 3 I1-C-5,6 3 12,6 6,2 10,5 1,26 1536,09
4 I1-C-5,7 3 12,6 5,1 9,4 0,858 1420,42  1455,94
5 I1-C-5,8 3 8,5 6,4 7,7 0,616 1470,58
6 I1-C-5,9 3 11 9 7,7 1,19 1561,06
1 I1-C-6,1 3,4 9,1 7 9 0,808 1409,38
2 I1-C-6,2 3,4 9,9 7,4 8,3 0,688 1131,47
5 3 I1-C-6,3 34 8,1 6,9 7,7 0,636 1477,85  1363,0
4 I1-C-6,4 3,4 9,3 6,1 9 0,682 1335,76
5 I1-C-6,5 3,4 12,5 8 7,9 1,156 1463,29
6 I1-C-6,6 3,4 10,8 7,6 10,3 1,15 1360,26
1 I-C-7,1 4,2 16 10,6 9,8 2,672 1607,62
2 I1-C-7,2 4.2 12,6 10 10,5 1,912 1445,20
6 3 I1-C-7,3 4,2 13,7 7,6 8,8 1,324 144501 1479,13
4 I1-C-7,4 4,2 14,5 8,2 8,6 1,442 1410,21
5 I1-C-7,5 4,2 15 111 11,7 2,882 1479,42
6 I1-C-7,6 4,2 8,8 8,3 8,8 0,956 1487,35
Table 4
Rresults of laboratory studies of hardening of massifs with GEOPUR material (author’s material)
. Sample Soil . - Initial Volume Volume Consumptio
Soil ... Density Humidit of of hard-
numbe  conditio 3 volume . . .. .. Nhpercentage
type r N (t/m3) y (W) () injection  ened soil (kg/m?)
(kg) (m?)
loam L-C-1 natural 1,751 0,22 0,06 0,06 0,000165 363,64
L-C-2 natural 1,728 0,16 0,06 0,31 0,00322 96,27
L-C-3 natural 1,716 0,20 0,05 0,09 0,000351 256,41
L-C-4 natural 1,743 0,17 0,06 0,253 0,00266 95,11
L-C-5 wet 0,273 0,04 0,117 0,0002 585,00

72



QazBSQA Xaoapmbicel. Coyaer. Nel (91), 2024

Dependence of Geopur composition consumption
on the initial natural loam
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Figure 4 — Dependence of Geopur composition consumption on the initial natural loam
(author’s material)

5 DETERMINATION OF UNIAXIAL COMPRESSIVE STRENGTH

The loading of a clay soil sample is carried out at a given rate of increment of the relative
vertical deformation of the sample, choosing it depending on the expected strength of the soil Rc. so
that the test time is 2 — 15 min, which usually corresponds to a rate of 0.5% — 2% per 1 min. A low-
er speed is chosen for samples with smaller deformations during destruction. The vertical defor-
mations of the sample were measured with an error of 0.01 mm for clay soils and recorded during
loading at no less than 10 stress values before failure. The test was carried out until the destruction
of the sample, i.e., until the maximum value of the vertical load was reached. In the case of testing a
clay soil sample in the absence of visible signs of destruction, the test was terminated at a relative
vertical deformation of the sample e = 15% (Ulitsky et al., 2017).

To determine the modulus of deformation and the modulus of elasticity of the soil, the test
was not brought to the destruction of the sample, stopping it at a stress of 50% — 60% of the value
of Rc. If necessary, the sample was unloaded in the same sequence as the loading (Chen et al.,
2022).

sample test 5,1
14
12 — ~
210 =
o
24
2
0
N O N ™NWWOWWWOWWlWM—WnmANLWL MWL
C o ldN 2o X N ~N™No RXRao
o — o~ on < N (Vo] ~ (o]
time (sec)

Figure 5 — Resulting sample test schedule (author’s material)

To determine the modulus of deformation and the modulus of elasticity of the soil, the test
was not brought to the destruction of the sample, stopping it at a stress of 50% - 60% of the value of
Rc. If necessary, the sample was unloaded in the same sequence as the loading (Khomyakov et al.,
2020).
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Table 5
Determination of strength by field tests (author’s material)
Group No Sample Depth of Maximum Tensile strength, Average tensile
No. ' No. sampling (m)  load, F (KN) Rc (MPa) strength (MPa)

1 I1-C-1,1 0,9 14,316 2,435
2 I1-C-1,2 0,9 16,932 2,532

1 3 11-C-1,3 0,9 12,842 2,088
4 I1-C-1,5 0,9 10,273 1,331 1,946
5 I1-C-1,6 0,9 10,511 1,325
6 I1-C-1,7 0,9 19,834 1,964
1 11-C-2,1 1,85 43,377 5,608
2 11-C-2,2 1,85 27,253 4,978

5 3 I1-C-2,4 1,85 12,699 2,125
4 I1-C-2,5 1,85 20,119 3,328 3,966
5 I1-C-2,6 1,85 16,076 3,143
6 I1-C-2,8 1,85 22,592 4,614
1 I1-C-3,1 2,1 24,352 3,401
2 I1-C-3,2 2,1 27,967 3,580
3 I1-C-3,4 2,1 32,771 4,913 4,969

3 4 I1-C-3,5 2,1 21,356 3,302
5 I1-C-4,1 2,3 32,961 7,444
6 I1-C-4,2 2,3 52,889 7,241
7 I1-C-4,3 2,3 23,02 4,901
1 I1-C-5,1 3 11,367 3,727
2 I1-C-5,3 3 9,703 2,610

4 3 I1-C-5,6 3 28,728 4,413
4 I1-C-5,7 3 15,505 3,234 3,475
5 I1-C-5,8 3 24,352 4,942
6 I1-C-5,9 3 13,317 1,922
1 I1-C-6,1 3,4 10,559 1,676
2 I1-C-6,2 3,4 8,514 1,386

5 3 I1-C-6,3 3,4 11,177 2,104 2,134
4 I1-C-6,4 3,4 7,372 1,343
5 I1-C-6,5 3,4 20,832 3,296
6 I1-C-6,6 3,4 23,496 3,002
1 1n-c-7,1 4,2 48,038 4,624
2 I1-C-7,2 4,2 43,139 4,108

5 3 11-C-7,3 4,2 43,329 6,479 4,567
4 I1-C-7,4 4,2 19,548 2,772
5 I1-C-7,5 4,2 78,478 6,043
6 I1-C-7,6 4,2 24,637 3,373

6 CONCLUSIONS

The average density of the hardened soil as a whole has changed in the direction of decrease.
According to Kazakh Geotechnical Research Institute surveys, the natural density of loams was
1.64-1.67 t/m3. After the introduction of Geopur® materials, the density changes and is 1.28t/m3
from a depth of 0.9 to 1.48t/m3 at a depth of 4.20m. The decrease in density occurs as a result of
decompaction of the soil during foaming with Geopur® material.

Due to the introduction of the Geopur® material, soil structuring occurs, and it passes from
the class of dispersed to the class of semi-rocky soils, the strength of which is characterized by the
uniaxial compressive strength R. Studies have shown that the value of R in depth varies from
1.94MPa at a depth of 0.9m up to 4.57 MPa at a depth of 4.20 m. In accordance with state standard
25100-2011, such material belongs to a variety of soils with low or reduced strength.
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The effectiveness of applying the hardening method using Geopur® material should be con-

firmed by verification calculations of accepted structural models using the physical and mechanical
properties of the hardened soil obtained as a result of these studies.

When hardening is carried out according to the technology using the two-component polyu-

rethane material GEOPUR®, with an appropriate calculation justification, the bearing capacity and
operational reliability of soil massifs will be ensured.
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13.
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